these organisms possessed the Leloir enzyme, galactokinase (galK). Activities were 10 times higher in fully induced, galactose-fermenting (Gal') strains than in galactose-nonfermenting (Gal-) strains. Lactose-grown, GalF cells released free galactose into the medium and were unable to utilize residual galactose or to induce galK above basal levels. Gal' S. thermophilus 19258 also released galactose into the medium, but when lactose was depleted growth on galactose commenced, and galK increased from 0.025 to 0.22 ,Imol of galactose phosphorylated per min per mg of protein. When lactose was added to galactose-grown cells of S. thermophilus 19258, galK activity rapidly decreased. These results suggest that galK in Gal' S. thermophilus is subject to an induction-repression mechanism, but that galK cannot be induced in Gal-strains.
Metabolism of lactose by Streptococcus thermophilus is
unlike that which occurs in Streptococcus lactis and Streptococcus cremoris. Whereas both hydrolysis products of lactose, glucose and galactose, are readily fermented by S. lactis and S. cremoris (6) , essentially only the glucose moiety of lactose is utilized by S. thermophilus, and galactose is released into the extracellular medium (14, 15) . In cultured dairy products made with S. thermophilus, galactose accumulates in the milk or curd (11) and may cause product defects (16) .
The inability of S. thermophilus to utilize gaiactose may be due to either (i) the absence of one or more catabolic enzymes or (ii) the absence of a galactose transport system; Since the latter possibility would not account for the inability of cells to utilize intracellular galactose, the former explanation is more likely. In addition, galactose transport activity in strains unable to utilize galactose (Gal-) has been reported (5), although transport activity was about 10 times less than in fully induced galactose-fermenting (Gal') cells and occurred only when an additional energy source, such as sucrose, was also provided.
Recently, Thomas and Crow (14) reported that Gal' derivatives of four Gal-parental strains possessed the Leloir pathway enzymes, galactokinase (galK), galactose-1-phosphate uridyltransferase, and uridine diphosphate glucose-4-epimerase. Although the latter two enzymes were also present in the Gal-strains, galK activity was either very low or undetectable (14) .
In (13) containing 14 mM lactose. In addition, Gal' strains were maintained in Elliker medium (3) containing 27 mM galactose. Some of these strains have been previously described (12) . galK assays. Cells were grown in Elliker broth containing filter-sterilized carbohydrate solutions (27 mM) and harvested after 4 h of incubation at 42°C. Cells were washed and suspended in 20 mM potassium phosphate buffer (pH 7.0) containing 10 mM MgSO4 and 0.5 mM dithiothreitol.
Cell-free extracts were prepared by harvesting 500 ml of midlog-phase cells grown in M17-lactose broth. Cells were washed twice in 20.0 mM phosphate buffer (pH 7.0) containing 10.0 mM MgSO4 and 0.5 mM dithiothreitol and suspended in 3 ml of the buffer. The thick cell suspension was added dropwise into an Eaton press held at -70°C, and a pressure of 10,000 lb/in2 was used to rupture the cells. DNase (5 ,ug/ml) was added to the thawed extract and incubated at 15°C for 15 min, after which the debris and whole cells were separated by centrifugation at 10,000 x g. The extracts were held at 4°C until used. All assays were performed within 6 h after cells were disrupted.
galK activity was assayed by using the isotope-binding method of Maryanski and Wittenberger (10) , with modifications. The assay mixture contained 1.0 mM MgCl2, 1 Sugar assays. Lactose and galactose were assayed using enzyme kits purchased from Boehringer Mannheim Biochemicals, Indianapolis, Ind. (catalog no. 176303).
RESULTS
Many kinase activities can be assayed conveniently by using coupled enzyme procedures in which the oxidation of NADH is measured spectrophotometrically. When the primary enzyme activity is very low or when the background rate of NADH oxidation is very high, these procedures may be inadequate. S. thermophilus cell extracts possessed significant NADH oxidase activity, and NADH-coupled assays were difficult to perform, even when the reaction mixture contained excess reducing agents (50 mM dithiothreitol, P-mercaptoethanol, or dithioerythritol). Although galK appeared to be present in Gal-strains, accurate measurement was not possible with the spectrophometric method (unpublished data).
The isotope-binding method described previously for the measurement of pentitol phosphotransferase activity (8), mannitol phosphotransferase (10), and galK in S. lactis (7) is simple, sensitive, and not subject to interference by NADH oxidase or ATPase (if ATP is added in excess). With this method it was possible to detect low levels of galK in all Gal-strains of S. thermophilus examined ( Table 2) . Galactose phosphorylation occurred only when ATP and not phosphoenolpyruvate was added to the reaction mixture (Fig. 1) . Examination of the phosphorylation product by thin-layer chromatography showed that the labeled sugar phosphate cochromatographed with galactose 1-phosphate. 
GALACTOKINASE ACTIVITY IN STREPTOCOCCUS THERMOPHILUS
After treatment with alkaline phosphatase, only free galactose could be detected. galK activities were comparable in both glucose-and lactose-grown cultures. However, galactose-grown S. thermophilus 19258 had galK activity about 10 times greater than that of the same strain grown in either lactose or glucose, indicating induction by galactose. When S. thermophilus 14485 (Gal-) was grown in Elliker broth containing 5 mM lactose, only the glucose portion was utilized, and free galactose accumulated in the medium (Fig.  2) . Although lactose was eventually depleted, none of the galactose was used. galK activity was low and remained constant throughout growth (ca. 0.045 p,mol of galactose phosphorylated per min per mg of protein). S. thermophilus 19258 (Gal+) grown in 5 mM lactose medium also initially utilized only the glucose portion and released free galactose (Fig. 3) . However, when lactose had been depleted galactose utilization subsequently occurred until after 10 h, when all available carbohydrate had been fermented. galK activity was initially low, as with strain 14485, but rose from 0.025 to 0.22 ,mol of galactose phosphorylated per min per mg of protein, about a 10-fold increase in activity.
When S. thermophilus 19258 was grown in 20 mM galactose medium, galK activity was initially very high (Fig. 4) . However, the addition of 5 mM lactose caused a rapid reduction of galK to levels approaching that of the lactosegrown cultures during the early stages of growth. Lactose was preferentially utilized, and release of galactose occurred.
DISCUSSION
Although most lactic acid bacteria which ferment lactose utilize both monosaccharide components, there are also reports which indicate that some microorganisms utilize only one of the two sugars. S. lactis C10 released free galactose into the medium when grown in lactose broth (4), although to a much lesser extent than does S. thermophilus. Lactosegrown Escherichia coli mutants which are lactose positive (Lac') and glucose negative (Glu-) release glucose and galactose into the extracellular medium and then utilize the galactose moiety, but not the glucose moiety (1) . When grown on lactose, a strain of Arthrobacter globiformis releases galactose, but utilizes the glucose (2). The fermentation pattern obtained when S. thermophilus 19258 is grown on lactose is unique in that this strain is phenotypically Gal'. However, utilization of galactose was expressed only when lactose was absent and galactose was present in the medium. S. thermophilus 14485 was unable to utilize any of the available galactose generated by lactose hydrolysis even when lactose had been depleted and the pH was maintained at 6.0 with 75 mM phosphate buffer. Other strains, however, utilized a small amount of galactose while lactose was still present in the medium (data not shown). Similar results were also obtained by Tinson et al. (15) , and recently Thomas and Crow (14) showed that Gal-strains TS2, MC, and 821 released less galactose than the total available from lactose hydrolysis, indicating partial utilization of this sugar.
The recent report by Thomas (14) , it was evident that a switch from glucose utilization (as lactose) to galactose utilization had occurred when lactose was depleted. In addition, recent evidence (5) indicated that galactose transport in strain TS2b is induced by galactose. However, the immediate reduction of galK in S. thermophilus 19258 when lactose was added to galactose-grown cells (Fig. 4) and the absence of appreciable galK activity in 4-hour lactose-grown cells (when galactose was also present) (Table 2) indicate that galK may also be subject to catabolite repression by lactose. Since galK and galactose transport activities (data not shown) were also low in glucose-grown strain 19258, glucose generated by lactose hydrolysis may also act as a repressor. The inability of lactose-grown, Gal-strains to induce galK when lactose had been depleted, in contrast to the Gal' strain 19258, which could, might be due to a permanently repressed gene coding for galK in the former strains. Although most strains in our collection are Gal-and have low galK activity, the report of Thomas and Crow (14) suggests that other Gal' strains of S. thermophilus can be obtained from Gal-stock cultures.
